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CONDUCTIVITY  FORMULAS  FOR  THE  DISTURBED  IONOSPHERE 
Introduction 

Formulas  for  the  perpendicular  DC  ionospheric  plasma  conductivities 
have  been  presented  previously  by  numerous  authors.1,2,3,4,5  Use  of  these 
published  formulas  under  normal  ionospheric  conditions  for  the  E  and  F  regions 
leads  to  accurate,  reliable  results.  However,  under  certain  extreme  condi¬ 
tions  (i.e.,  a  high  altitude  nuclear  explosion)  these  approximate  formulas 
can  lead  to  inaccurate  and  even  unphysical  results  for  the  conductivities. 

In  this  memo  report  we  present  a  new  set  of  exact  formulas  which  do  not 
suffer  these  deficiencies.  They  yield  accurate  and  usable  results  under  the 
most  extreme  circumstances  of  plasma  and  neutral  densities  and  temperatures. 

We  therefore  recommend  use  of  the  formulas  presented  here  for  extreme  or 
unusual  ionospheric  conditions. 

Derivation 

We  begin  with  the  electron  and  ion  momentum  equations  considering  only 
the  Lorentz  term  and  frictional  terms 


-  —  (I  +  v  x  I) 
m  e 

e 


+  v 


ei 


(1) 


e 


(E  +  v. 


h 


V  V.  +  V.  (v. 
in  i  ie  i 


(2) 


Here  $  is  the  magnetic  induction  and  S  the  electric  field  strength;  vg  and  v^ 

are  the  electron  and  ion  velocities;  mg  and  m^  are  the  electron  and  ion  mass; 

e  is  the  electron  charge;  and  v  ,  v  .,  and  v.  are  the  electron-neutral,  the 

en  ei  ie 

ion-neutral,  the  electron-ion,  and  the  ion-electron  collision  frequencies. 

We  eliminate  from  (1)  and  (2)  the  cross  product  terms  between  the  velocities 

and  the  magnetic  induction  resulting  in 
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where  Gg  =  eB/me,  G^  =  eB/nu,  and  v^e  =  (me/iTK)  have  been  used. 

■f  ->■ 

We  next  solve  (3)  and  (4)  for  vg  and  v^  explicitly  which  yields 
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In  (5)  and  (6)  we  have  defined 
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Use  of  equations  (5)  and  (6)  in  jf  =ne  (v^  -  v  )  now  yields  the  Pederson  and 
Kail  conductivities. 

We  write 
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and  n  is  the  plasma  number  density. 

The  conductivity  torraul as  presented  above  are  considerably  more  compli¬ 
cated  than  those  previously  published  in  the  literature.  For  instance,  the 

4 

formulas  of  Volk  and  Haerendel  ignore  the  effects  of  collisions  between 
ions  and  electrons  which  can  be  of  considerable  importance  for  very  high 
plasma  densities.  Similarly,  Francis  and  Perkins"*  while  including  electron- 
ion  collisions  in  the  electron  momentum  equation,  ignore  their  effect  on  the 
ion  momentum  equation.  The  result  of  these  types  of  simplifications  is 
either  incorrect  or  even  unphysical  conductivities  for  the  ionosphere  under 
extreme  plasma  conditions.  The  exact  formulas  presented  above  do  not  suffer 
these  difficulties. 


Summary 

In  the  preceding  section  we  have  presented  the  derivation  of  exact 
formulas  for  the  perpendicular  DC  ionospheric  conductivity.  These  formulas 
are  usable  and  present  accurate  results  under  the  most  extreme  of  iono¬ 
spheric  conditions,  a  high  altitude  nuclear  explosion.  We  therefore  recom- 
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mend  their  use  in  computations  for  unusual  or  extreme  ionospheric  conditions. 

Collision  frequencies  for  use  in  the  equations  can  generally  be  found  in  the 

3  6 

standard  reference  texts  on  the  ionosphere  and  aeronomy  *  . 
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01CY 

ATTN  LK8  KENNETH  S.  W.  CHAMPION 

01CY 

ATTN  OPR  ALVA  T.  STAIR 

01CY 

ATTN  PHP  JULES  AARONS 

01CY 

ATTN  PHD  JURGEN  BUCHAU 

01CY 

ATTN  PHO  JOHN  P.  MULLEN 

AF  WEAPONS  LABORATORY 

KIRTLANO  AFB,  NM  87117 

SAMSO/SK 

01CY 

ATTN  SUL 

P.  0.  SOX 

92960 

01CY 

ATTN  CA  ARTHUR  M.  GUENTHER 

WORLOWAY  POSTAL 

CENTER 

01CY 

ATTN  OYC  CAPT  J.  BARRY 

LOS  ANGELES,  CA 

90009 

01CY 

ATTN  OYC  JOHN  M.  KAMM 

01CY 

ATTN 

SKA  (SPACE  COMM  SYSTEMS) 

01CY 

ATTN  DTT  CAPT  MARK  A.  FRY 

01CY 

ATTN  OES  MAJ  GARY  GANONG 

SAMSO/MN 

01CY 

ATTN  OYC  J.  JANN1 

NORTON  AFB 

,  CA 

92409 

(MINUTEMAN) 

01CY 

ATTN 

MNNL  LTC  KENNEDY 

AFT  AC 

PATRICK  AFB,  F'_  32925 

COMMANOER 

01CY 

ATTN  TF/MAd  WlLEY 

ROME  AIR  DEVELOPMENT  CENTER.  AFSC 

01CT 

ATTN  TN 

HANSCOM  AF0,  MA 

01731 

01CY 

ATTN 

EEP  A.  LORENTZEN 

AIR  FORCE 

AVIONICS  LABORATORY 

K.  CLAVIN 


DEPARTMENT  OF  ENERGY 
ALBUQUERQUE  OPERATIONS  OFFICE 
P.  0.  BOX  5400 
ALBUQUERQUE,  NM  87115 

01CT  ATTN  DOC  CON  FOR  D.  SMERWOOO 

DEPARTMENT  OF  ENERGY 
LIBRARY  ROOM  G-042 
WASHINGTON.  D.C.  20545 

01CY  ATTN  DOC  CON  FOR  A.  LABOWITZ 


EGSG,  INC. 

LOS  ALAMOS  DIVISION 

P.  0.  BOX  809 

LOS  ALAMOS,  NM  85544 

OICY  ATTN  OOC  CON  FOR  J.  BREEDLOVE 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  LABORATORY 
P.  0.  BOX  808 
LIVERMORE,  CA  94550 


OICY 

ATTN  DOC 

CON 

FOR 

TECH  INFO  DEPT 

OICY 

ATTN 

DOC 

CON 

FOR 

L-389  R.  OTT 

OICY 

ATTN 

DOC 

CON  FOR 

U— 31  R.  HAGER 

OICY 

ATTN 

DOC 

CON  FOR  L-46  F.  SEWARD 

I  ALAMOS 

SCIENTIFIC  LABORATORY 

0,  BOX 

1663 

i  ALAMOS 

,  NM 

87545 

OICY 

ATTN 

DOC 

CON 

FOR 

J.  WOLCOTT 

OICY 

ATTN  OOC 

CON 

FOR 

R.  F.  TASCHEK 

Q1CY 

ATTN 

DOC 

CON 

FOR 

E.  JONES 

OICY 

ATTN 

DOC 

CON 

FOR 

J.  MALIK 

OICY 

ATTN 

DOC 

CON 

FOR 

R.  JEFFRIES 

OICY 

ATTN  DOC 

CON 

FOR 

J.  21 NN 

OICY 

ATTN 

DOC 

CON 

FOR 

P.  KEATON 

OICY 

ATTN 

DOC 

CON 

FOR 

D.  WESTERVELT 

SATO  I A  LABORATORIES 
P.  0.  BOX  5800 
ALBUQUERQUE,  NM  87115 

01CY  ATTN  DOC  CON  FOR  J.  MARTIN 

01CY  ATTN  OOC  CON  FOR  W.  BROWN 

01CY  ATTN  DOC  CON  FOR  A.  THORNBROUGH 

01CY  ATTN  OOC  CON  FOR  T.  WRIGHT 

01CY  ATTN  DOC  CON  FOR  D.  DAMLGREN 

01CY  ATTN  DOC  CON  FOR  3141 

01CY  ATTN  DOC  CON  FOR  SPACE  PROJECT  DIV 


SAMOI A  LABORATORIES 
LIVERMORE  LABORATORY 
P.  0.  BOX  969 
LIVERMORE,  CA  94550 

01CY  ATTN  DOC  CON  FOR  B.  ML'RPHEY 
01CY  ATTN  DOC  CON  FOR  T.  COCK 


NATIONAL  OCEANIC  t  ATMOSPHERIC  AOMIN 

environmental  research  laboratories 

DEPARTMENT  OF  COMMERCE 
BOULDER,  CO  80302 

01CY  ATTN  R.  GRUBB 

01CY  ATTN  AERONOMY  LAB  G.  REID 


DEPARTMENT  CF  DEFENSE  CONTRACTORS 

AEROSPACE  CORPORATION 

P.  0.  BOX  92957 

LOS  ANGELES,  CA  90009 

01CY  ATTN  I.  GARFUMCEL 
01CY  ATTN  T.  SALMI 
01CY  ATTN  V.  JOSEPHSON 
01CY  ATTN  S.  BOWER 
01CY  ATTN  N.  STGCXWELL 
01CY  ATTN  D.  OLSEN 
01CY  ATTN  J.  CARTER 
01CY  ATTN  F.  MORSE 
01CY  ATTN  SMFA  FOR  PWW 

ANALYTICAL  SYSTEMS  ENGINEERING  CORP 
5  OLD  CONCORD  ROAD 
Burlington,  ma  oisos 

01CY  ATTN  RADIO  SCIENCES 

BERKELEY  RESEARCH  ASSOCIATES,  INC. 
P.  0.  BOX  983 
BERKELEY,  CA  94701 

01CY  ATTN  J.  WORKMAN 

BOEIIV3  COMPANY,  THE 
P.  0.  BOX  3707 
SEATTLE,  WA  98124 

OICY  ATTN  G.  KEISTER 
01CY  ATTN  D.  MURRAY 
OICY  ATTN  G.  HALL 
OICY  ATTN  J.  KEM'CY 

CALIFORNIA  AT  SAN  DIEGO,  UNIV  OF 
IPAPS,  B-019 
LA  JOLLA,  CA  92093 

OICY  ATTN  HENRY  G.  BOOKER 


OFFICE  OF  MILITARY  APPLICATION 
DEPARTMENT  OF  energy 
WASHINGTON,  O.C.  20545 

OICY  ATTN  OOC  CON  FOR  D.  GALE 


BROWN  ENGINEERING  COMPANY,  INC. 
CUMMINGS  RESEARCH  PARK 
HUNTSVILLE,  AL  35807 

OICY  ATTN  ROMEO  A.  DELIBERIS 


OTHER  GOVERNMENT 


CENTRAL  INTELLIGENCE  AGENCY 
ATTN  RD/SI,  RM  5G48,  HQ  BLDG 
WASHINGTON,  O.C.  20505 

OICY  ATTN  OS1/PS1D  RM  5F  19 

department  of  commerce 
national  BUREAU  OF  STANDARDS 
WASHINGTON,  D.C.  20234 

CALL  CORRES:  ATTN  SEC  OFFICER  FOR) 
OICY  ATTN  R.  MOORE 

INSTITUTE  FOR  TELECOM  SCIENCES 
NATIONAL  TELECOMMUNICATIONS  t  WO  ADMIN 
BOULDER,  CO  80303 

OICY  ATTN  A.  JEAN  (UNCLASS  OMLY ) 
OICY  ATTN  W.  UTLAUT 
OICY  ATTN  0.  CR0M8IE 
OICY  ATTN  L.  BERRY 


CHARLES  STARK  DRAPER  LABORATORY,  INC 
555  TECHNOLOGY  SQUARE 
CAMBRIDGE,  MA  02139 

OICY  ATTN  D.  B.  COX 
OICY  ATTN  J.  P.  GILMORE 

COMPUTER  SCIENCES  CORPORATION 
65J5  ARLINGTON  BLVD 
FALLS  CHURCH,  VA  22046 
OICY  ATTN  H.  BLANK 
OICY  ATTN  JOHN  SPOOR 
OICY  ATTN  C.  NAIL 


COMSAT  LABORATORIES 
LI  NTH  I  CUM  ROAD 
CLARKSBURG,  MO  20734 
OICY  ATTN  G.  HYDE 

CORNELL  UNIVERSITY 

DEPARTMENT  OF  ELECTRICAL  ENGINEERING 
ITHACA,  NY  14850 

OICY  ATTN  0.  T.  FARLEY  JR 
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ElECTROSPACE  SYSTEMS,  INC- 
r?oiatoson,  rx  Wfjo 

ss  SSicSiS^— «» 

ESL  INC- 

495  JAVA  DRIVE 

Sonny  vale#  ca  91*086 

nvcv  ATTN  J.  ROBERTS 
01CY  ATTN  JAMES  MARSHALL 
OICT  ATTN  C.  W.  PRETT1E 

ford  aerospace  i  communications  Corp 

J959  F ASIAN  WAT 

PACO  ALTO,  CA  94505 

OlCY  ATTN  J.  T.  MATTINGLEY 

GENERAL  ELECTRIC  CO#*3 ANY 
SPACE  OlvISfON 

valley  forge  space  center 

^RO  BLVD  <IVC  Of  PRUSSIA 
P.  0.  BOX  8S55 

PHILADELPHIA,  PA  19101 

OVCT  ATTN  M.  H,  BORTNEK 


SPACE  SCI  LAB 


GENERAL  ELECTRIC  company 
p.  0.  BOX  1112 
SYRACUSE,  NY  »201 

OlCY  ATTN  r.  REIBERT 

CF-rRAL  CLECTRIC  COMPANY 

r^O^CEV-t*  FOR  ADVANCED  STU01ES 

Estate  street  (p.o.  drawer  qq> 

SANTA  BARBARA,  CA  93102 
OlCY  ATTN  DAS l AC 
0Uf  ATTN  DON  CHAAOLER 
Qlry  ATTN  TOM  BARRETT 
OlCY  ATTN  TIM  STEPHANS 
OICT  ATTN  WARREN  S.  KNAPP 

iKY  ATTN  WILLIAM  MCNAMARA 

OICT  ATTN  B.  GAMBlLL 
OICT  ATTN  MACK  STANTON 

general  electric  tech  SERVICES  CO.,  INC. 

nr£S 

COLRT  street 
cv^acuSE.  NY  13201 

OlCY  ATTN  G.  HILU-AN 

general  RESEARCH  CORPORAT  ion 
iii^A  BARBARA  DIVISION 
p.  0.  BOX  6770 
SANTA  BARBARA,  CA  93U1 

OICT  ATTN  JOHN  1SE  y.R 
Sky  ATTN  JOEL  GARBARINO 


GFrRMYSICAL  INSTITUTE 
UNIVERSITY  Of  ALASKA 

FAIRBANKS,  AX  99701 


OlCY 

OlCY 

OlCY 


TIll ’class  ATTN:  SECURITY  OFFICER) 
ATTN  T  N.  DAVIS  CUNCL  ONLY) 

ATTN  NEAL  BROWN  CUNCL  ONLY) 

ATTN  TECHNICAL  LIBRARY 


ScSSmSm*  “» 

77  i  STREET 


Nf =>*A,M  Y\A  02191* 

-  .  .  ...  .ytv>  MAI 


ILLINOIS,  university  of  9.^. 

iEPARTK^  OF  ELECTRICAL  ENGINE**!* 

URBANA,  1L  61803 

OlCY  ATTN  K.  YEH 

ILLINOIS,  UNIVERSITY  OF 

107  COBLE  hall 
801  S.  WRIGHT  street 

^cLl'corresmtn  security  SUPERVISOR  for) 
OlCY  ATTN  K.  YEH 

institute  for  defense  analyses 

400  ARMY-NAVY  DRIVE 
ARLINGTON,  VA  22202 

OICT  ATTN  J.  M.  «IN 
OlCY  ATTN  ERNEST  BAUER 
OlCY  ATTN  HANS  WOLFHARD 
OlCY  ATTN  JOEL  BENGSTCN 

HSS,  INC. 

2  Alfred  circle 

BEDFORD,  HA  01750 

OlCY  ATTN  DONALD  HANS.N 

INTL  TEl  8  TELEGRAPH  CORPORATION 
500  WASHINGTON  AVEMJE 
NUtley,cNJ  A“”l®EChN|CAL  LIBRARY 

jAYCOR 

1401  CAMINO  DEL  mar 
DEL  MAR,  CA  92014 

JOHNS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAD 

LAUREL.^  LIBRARIAN 

OlCY  ATTN  TMOlAS  POTErftA 
OICT  ATTN  JOHN  DASSOULAS 

LOCKHEED  MISSILES  6  SPACE  CO  I* 

P.  0.  30X  504 
SUNNYVAuE,  ca  94088 

OICT  ATTN  DEPT  60-12 
OlCY  ATTN  D.  R.  CHURCHILL 

LOCKHEED  MISSILES  AND  SPACE  CO  INC 
5251  HANOVER  STREET 

PAL0  ^TTN5,MART1N  WALT  DEPT  52-10 

Sky  ATTN  RICHARD  G.  JOHNSOM .  DEPT  52-12 
OlCY  ATTN  W.  L.  I  WOP  0£PT  52  12 

KAMAN  SCIENCES  corp 
?.  0.  BOX  7465 
COLORADO  SPRINGS,  CO  *0953 
OlCY  ATTN  T.  MEAGHER 

l\MCA3It  CORP 
10453  ROSELLE 
SAN  DIEGO,  CA  92121 

Oky  ATI.-.'  IRWIN  JACOB  a 

H.l.T.  LINCOLN  LABORATORY 
p.  0.  Box  73 
LEXINGTON,  MA  02173 

OlCY  ATTN  JAVlD  M.  ‘A* 

OlCY  ATTN  L.  LOUGHLlN 


MARTIN  MAR!ErrA  CORP 
ORLANDO  DIVISION 
p.  0.  BOX  5857 
ORLANDO,  FL  32805 

OlCY  ATTN  R.  HEFFNER 


10 


HCDCWELL  DOUGLAS  CORPORATION 
$301  SOLS A  AVENUE 
HJNTINGTON  BEACH,  CA  92647 
01CY  ATTN  N.  HARRIS 
OICY  ATTN  J.  MOULE 
01CT  ATTN  GEORGE  MROZ 
01CT  ATTN  W.  OLSON 
01CT  ATTN  R.  M.  HALPR1N 
OICT  ATTN  TECHNICAL  LIBRARY  SERVICES 


HISS  ION  RESEARCH  CORPORATION 
73$  STATE  STREET 
SANTA  BARBARA,  CA  93101 
01CY  ATTN  P.  FISCHER 
OICY  ATTN  W.  F,  CREV1ER 
OICY  ATTN  STEVEN  L.  GUTSCHE 
OICY  ATTN  0.  SAPPENF I  ELD 
OICY  ATTN  R.  BOGUSCH 
OICY  ATTN  R.  HE,«CRICX 
OICY  ATTN  RALPH  KILB 
OICY  ATTN  DAVE  SOULE 
OICT  ATTN  F.  FA  JEN 
OICY  ATTN  M.  SCHEIBE 
OICY  ATTN  CONRAD  L.  LONGMIRE 
OICY  ATTN  WARREN  A.  SCMLUETER 

HITRE  CORPORATION,  THE 
P.  0.  BOX  208 
BEDFORD,  MA  01730 

OICY  ATTN  JOHN  MORGANSTERN 
OICY  ATTN  G.  HARDING 
OICY  ATTN  C.  E.  CALLAHAN 

MITRE  CORP 

WESTGATE  research  parx 
1820  DOLLY  MADISON  BIVD 
MCLEAN,  VA  22101 

OICY  ATTN  W.  HALL 
OICY  ATTN  W.  FOSTER 

PACIFIC-SIERRA  RESEARCH  CORP 
IASS  CLOVERFIELO  BLVD. 

SANTA  MONrCA,  CA  90404 

OICY  ATTN  E.  C.  FIELD  JR 

PENNSYLVANIA  STATE  UNIVERSITY 
IONOSPHERE  RESEARCH  LAB 
318  ELECTRICAL  ENGINEERING  EAST 
UNIVERSITY  PARK,  PA  16802 

(NO  CLASSIFIED  TO  THIS  AOORESS) 

OICY  ATTN  IONOSPHERIC  RESEARCH  UB 

PHOTOMETRICS,  INC. 

442  MARRETT  ROAD 
LEXINGTON,  MA  02173 

OICY  ATTN  IRVING  L.  KOFSXY 

PHYSICAL  DYNAMICS  INC. 

P.  0.  BOX  3027 
BELLEVUE,  WA  98009 

OICY  ATTN  E.  J.  FREMOUW 

PHYSICAL  DYNAMICS  INC. 

P.  0.  BOX  1069 
BERKELEY,  CA  94701 

OICY  ATTN  A.  THOMPSON 


R  t  0  ASSOCIATES 
P.  0.  BOX  969$ 

MARINA  DEL  REY,  CA  90291 

OICY  ATTN  FORREST  GILMORE 
OICY  ATTN  BRYAN  GABBARD 
OICY  ATTN  WILLIAN  8.  MIGHT  Jt 
OICY  ATTN  ROBERT  F.  LELEVIER 
OICY  ATTN  WILLIAM  J.  KARZAS 
OICY  ATTN  N.  ORY 
OICY  ATTN  C.  MACDONALD 
OICY  ATTN  R.  TURCO 


RATO  CORPORATION,  TM 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 

OICT  ATTN  CULLEN  CRAIN 
OICY  ATTN  ED  BEMOZIAN 

RIVERSIDE  RESEARCH  INSTITUTE 
80  WEST  END  AVEMlE 
NEW  YORK,  NY  10023 

OICY  ATTN  VINCE  TRAPANI 

SCIENCE  APPLICATIONS,  INC. 

P.  0.  BOX  2351 
LA  JOLLA,  CA  92038 

OICT  ATTN  LEWIS  H.  LINSON 
OICT  ATTN  DANIEL  A.  HAMLIN 
OICT  ATTN  D.  SACHS 
OICT  ATTN  E.  A.  STRAKER 
OICT  ATTN  CURTIS  A.  SMITH 
OICT  ATTN  JACK  MCDOUGALL 

RATTMEON  CO. 

528  BOSTON  POST  RON) 

SUOBURY,  MA  01776 

OICT  ATTN  BARBARA  ADAMS 

SCIENCE  APPLICATIONS.  INC. 
HUNTSVILLE  DIVISION 
2109  w.  Clinton  aveiaje 

SUITE  700 

*P*T9vlLLE.  AL  3SI0S 

OICT  ATTN  DALE  H.  01VIS 

SCIENCE  APPLICATIONS.  INCORPORATED 
8400  WESTPMK  drive 
MCLEAN,  VA  22101 

OICT  ATTN  J.  COCKAYNE 

SCIENCE  APPLICATIONS,  INC. 

80  MISSION  DRIVE 
PLEASANTON,  CA  94366 
OICY  ATTN  SZ 


SRI  INTEWMTIONAL 
$35  (UvENSWOOO  AVENUE 
MENLO  PARK,  CA  94025 

OICT  ATTN  DONALD  NEIlSON 

OICY  ATTN  ALAN  BURNS 

OICY  ATTN  G.  SMITH 

OICY  ATTN  L.  L.  COBB 

OICY  Attn  DAVID  A.  JOHNSON 

OICT  ATTN  WALTER  G.  CHESNUT  • 

OICT  ATTN  CHARLES  L.  RINO 

OICY  ATTN  WALTER  JAYE 

OICT  ATTN  M.  BARON 

OICT  ATTN  RAT  L.  LEADABRAKO 

OICT  ATTN  G.  CARPENTER 

OICT  ATTN  G.  PRICE 

OICT  ATTN  J.  PETERSON 

OICT  ATTN  R.  MAKE,  JR. 

OICT  ATTN  V.  GONZALES 
OICT  ATTN  0.  MCDANIEL 
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TECHNOLOGY  INTERNATIONAL  CORP 
75  WIGGINS  AVENUE 
BEDFORD,  HA  01750 

01CY  ATTN  W.  P.  B0QU1ST 

TRW  DEFENSE  (  SPACE  SYS  GROUP 

ONE  SPACE  PARK 

REDCPOO  BEACH,  CA  90278 

01CY  ATTN  R.  K.  PLEBUCH 
01CY  ATTN  S.  ALTSCMO-ER 
01CY  ATTN  0.  OEE 

VISIDYNE,  INC. 

19  THIRD  AVENUE 

NORTH  west  industrial  park 
BURLINGTON,  HA  01805 

01CY  ATTN  CHARLES  KJHPMREY 
01CY  ATTN  d.  W.  CARPENTER 
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